I propose to discuss the endocrinology of sexual behaviour. The work I shall describe began in the early 1930s, although the course it eventually took did not become evident until many years later. The investigations started with descriptions of mating beviour in the guinea pig, rat, and chimpanzee, but we soon progressed from the purely descriptive phase to experiments dealing with the endocrine control of this behaviour, particularly in the female and male guinea pig and rat. I shall say little about this early work except to describe the measures of behaviour we followed and to indicate how we were led into an inquiry into the relationship between the hormones and the patterns of behaviour which characterize individuals. Reviews and references to the supporting data will be found in the Ouarterly Review of Biology, vol. 16, pp. 135-146 and 311-335, 1941 , and in Sex and Internal Secretions, Edition 3, William C. Young, Editor. Baltimore: Williams and Wilkins, pp. 1173 -1239 . The authorship of the many original articles cited in these reviews will reveal something of my debt to the younger students and associates who have carried so much of the burden and contributed so vitally to the thinkingduring the years this' work has been ip rogress. The diestrous female guinea pig repels the attentions of any male by kicking at him with her hind legs or by snapping at him with her mouth. The response is the same when she is stroked on the back bv an investigator. With the beginning of heat a dramatic change occurs. She becomes tolerant of such stimuli rather than bellicose and displays a lordosis which may last from a second or two up to 20 or 30 seconds. This response can be elicited repeatedly for as long as she is in heat which may be an hour or less in exceptional individuals to as long as 24 hours.
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The mean length is eight to ten hours. About the beginning of heat, many females display a male-like mounting behaviour. The extent of mounting varies greatly from animal to animal; it may not be displayed at all or an individual may mount other females or males a hundred times or more during a single heat period.
Lordosis is considered the feminine component of the pattern in the female and mounting behaviour is regarded as the masculine component. The maximum number of seconds the single lordosis is held (maximum duration of lordosis) is one measure of female behaviour, and the number of hours lordosis can be elicited (length of heat) is another measure. The number of times the female mounts other animals in the cage is a third measure. Inasmuch as the three measures are displayed only at the time of heat, the temporal relationship is close, but there is no quantitative relationship. The duration of heat may be long and the maximum lordosis short, or vice versa, and neither is related to the amount of mounting. Mounting may even be displayed in the absence of heat, but this would be at about the time of ovulation when heat should occur, so there is no contradiction of the statement that the temporal relation of these measures is close. Ovulation without heat in cattle is the "silent .estrus" of this species.
The result of all this-three measures of behaviour which vary quantitatively but which have no direct relationshipis that an infinite number of patterns of behaviour are displayed by the females. Equally striking, however, and more important for what it suggested to us, is the old observation that the patterns of behaviour displayed by individuals tend to be consistent from cycle to cycle.
The strength and quality of the sexual behaviour of the male are easily measured. When a receptive female is placed in a cage containing a male, he may sniff and nibble at any part of her body. When behaviour of this sort is directed to the anogenital region it is called nuzzling. The next measure of behaviour is mounting. It is preliminary to intromission and ejaculation. But sniffing and nibbling and nuzzling (the lower measures of behaviour) are not always followed by mounting, mounting is not always followed by intromission, and intromission is not always followed by ejaculation. Or, at the other extreme, intromission and ejaculation may occur immediately in a test without any of the lower measures of behaviour. In addition, ejaculation may climax a single intromission or, in our records of the guinea pig, it may be preceded by as many as fourteen intromissions. Ejaculation may be achieved during the first minute of a ten-minute test or it may occur during the last minute, or even later if the test is prolonged beyond ten minutes. The mean time of its occurrence is about the fifth minute.
The use of a score has its pitfalls, but for much work it provides a means of comparison and has been used. The score ranges from 0 to 20 and is calculated from records of the amount of each of the five measures of behaviour, multiplied by a weighted factor for each (1 to 5), and divided by the length of the interval between the beginning of the test and ejaculation. Whether the record of the behaviour itself or the score is the basis of measurement, the situation, as far as individuals are concerned, is very much like that in the female. The differences between individuals are great; patterns of behaviour tend to be consistent from test to test.
As we moved along in this early phase of the work, correlates were sought between the patterns of behaviour and the number of Graafian follicles which ovulated, the condition of the gonads, and the amount of hormone required to bring the behaviour to expression. To our surprise, no relationship existed, except of course that a certain rather low threshold of hormone dosage had to be exceeded before a response was obtained. It became clear from what we were seeing that the character of the behaviour induced by the estrogen and androgen was being determined, not by the hormone, but rather by the nature of the soma or substrate on which these hormones act. If this were true, it followed that an investigator who wanted to account for the differences between animals must look to the factors which affect the character of the tissues mediating the behaviour.
Our first studies were of prepubertal and adult animals. To no one's surprise, we found that age is a factor, although it is transitory and certainly did not account for the differences we had noticed. In the case of the female, providing the deprivation was extreme, the level of thyroid hormone was related to the responsiveness to estrogen. Again, although a number of animals which displayed conspicuous differences in their behaviour were found to be euthyroid, this possibility was excluded as a factor in the animals we were studying. What we finally learned was that from the time of birth on, two factors are of demonstrable importance, first, the genetic background, and second, contact with other animals which obviously provides an experiential or psychologic stimulation necessary for the maturation of normal patterns of behaviour.
At this stage in the investigation another possibility suggested itself. In many laboratories a reversal of sex has been achieved by the administration of androgens or estrogens to embryonic fish, larval amphibians, and embryonic and fetal mammals. In some of the cold blooded species an apparently complete functional change was affected and pat·· terns of behaviour as well as the gonads and genital tracts were transformed. If comparable changes could be demonstrated in mammals, as Dr. Vera Dantchakoff had claimed in the late 1930s, they could only mean that antenatally gonadal hormones have an organizing action on the tissues destined to mediate reproductive behaviour in the adult.
Our attempts to transform the sex by the method used by Dr. Dantchakoff were never successful. Fortunately, however, a method was developed which enabled us not only to masculinize females, but to control more accurately the dosage of the androgen. As the work progressed, we learned that a considerable leeway exists, but for the purpose of this review it is sufficient to confine ourselves to one of the several treatments used and to summarize the results.
When guinea pigs were given 5 mg. of testosterone propionate intramuscularly on day 10 of pregnancy and 1 mg. daily from day 11 through day 67 or 68, profound effects were noted:
1. Females became pseudohermaphroditic with masculinized external genitalia, hypertrophied Wolffian ducts, failure of Mullerian duct-urogenital sinus fusion, and, with the attainment of adulthood, ovarian dysfunction.
2. Again, after the attainment of adulthood, there was a suppression of the feminine measures of behaviour, accompanied by a decreased responsiveness to estrogen and progesterone (these two hormones are necessary for the expression of estrous behaviour in many lower mammals).
3. An intensification of the masculine component of behaviour, accompanied by an increased responsiveness to androgen.
4. The effects were permanent. S. The behaviour of the male siblings was studied carefully, but no striking effect such as precocity or a conspicuously heightened sex drive was produced.
The absence of permanent effects on females treated postnatally suggested that the prenatal period is a period of maximum susceptibility. Results obtained by experimental embryologists interested in the differentiation of the genital tract suggested that, even within the 66 to 70 day period of prenatal development, there might be a time of maximum susceptibility to the androgen we were adminis-tering. Laborious and time-consuming experiments revealed that this is indeed the case. Further refinement may be possible, but data obtained up to the present indicates that the second trimester of pregnancy, which is the twenty-third to the forty-sixth day, is the period of maximum susceptibility in the developing guinea pig.
The results I have reviewed enable us to extend to the mammal our conception of the factors which operate to pattern sexual behaviour. During the embryonic and fetal periods, genetic factors are assumed to have a role, certainly up to the point of the determination of the sex. Beyond this, and out of the background of information provided by the experimental embryologists, we postulate that fetal morphogenic substances produced by the developing testes are responsible for the differentiation toward maleness. As in the case of the genital tracts, differentiation in the direction of femaleness may depend on the absence of male gonads rather than on any positive action by the developing ovary. Experiments which may answer this question are now in progress. After birth, except perhaps for a short-gestation species such as the rat or mouse, the factors which we believe contribute to the patterning of behaviour are the genetic or inherited background and the experiential or psychologic factor. To restate the hypothesis given support by our studies, it is our belief that only during the embryonic and fetal periods do gonadal hormones organize the patterns of sexual behaviour displayed during adulthood. They do so by their action on the tissues which will later mediate this behaviour. After the attainment of adulthood, or even earlier under experimental conditions, the gonadal hormones are activational, but they do not have any permanent organizing action.
All that I have said is consistent with the bisexuality of the soma which has long been known to characterize animals from the lowest vertebrates to man. It is also consistent with the evidence for the dominant role of psychologic factors in the patterning of sexual behaviour in primates. Our greatest concern has its genesis in the case made by Drs. John and Joan Hampson for the sexual ne.utrality of the human infant at birth. If we may judge from what we have found during our studies of the guinea pig, lower mammals are not sexually neutral at the time of birth. Is it possible then that in the evolution of the tissues which mediate sexual behaviour in the adult there has been a loss of every vestige of the sex dimorphism which is present at birth in at least some of the lower mammals?
There is a final thought that may be of interest to this group. As I wrote for Sex and Internal Secretions, "Not all the behaviour associated with the male or with the female is reproductive. Many differences between the behaviour of males and females have been described and many more are a part of the cultural lore." At this stage we must consider the possibility that the masculinity or femininity of an animal's behaviour beyond that which subserves reproduction develops in response to hormonal substances which have their origin in the embryo or fetus.
Resume
Les investigations decrites dans cet article ont debute par des exposes du comportement de l'accouplement chez Ie cobaye, le rat et le chimpanze, et elles ont progresse jusqu'aux experiences traitant du controle endocrinien dece comportement, particulieremenr chez la femelle et Ie male du cobaye et du rat.
On a constate que Ie cobaye femelle en repos sexuel repousse les attentions de tout male en lui dormant des coups de pieds de ses deux jambes arriere ou en essayant de Ie mordre. Au debut du rut, il se produit un changement spectaculaire On estime que la lordose est le composant femelle du modele de comportement dans l'accouplement et que de "monter" serait l'element male. Le nombre maximum de secondes ou la lordose est maintenue constitue une mesure du comportement de la femelle. Le nombre d'heures pendant lesquelles la lordose peut etre provoquee constitue une autre mesure et le nombre de fois que la femelle "monte" sur d'autres animaux dans la cage est une troisierne mesure. Nous avons controle la veracite de l'observation ancienne que "les modeles de comportement manifestes par des erres individuels tendent ase repeter Nous avons appris qu'a partir de la naissance, deux facteurs ont une importance demontrable; premierement, le terrain genetique, et deuxiemement, Ie contact avec d'autres animaux qui fournit la stimulation psychologique ou "experientielle" necessaire pour que miirissent les modeles normaux du comportement.
Dans plusieurs Iaboratoires, on a reussi a intervertir les sexes en administrant des androgenes ou des eestrogenes, chez des mammiferes a l'erat d'embryons ou de fcetus. Si l'on peut demontrer ces changements chez les mammiferes, ils ne pourraient signifier autre chose qu'avant la naissance, les hormones gonadales ont un effet organisateur sur les tissus rnediats du comportement de l'adulte dans la fonction reproductrice.
Nous avons administre 5 mg de propionate de testosterone par voie intramusculaire, le to" jour du gravidisme et I mg par jour a partir du 11" jour et jusqu'au 67" ou 68" jour. Nous avons constate de profonds effets. Au cours des periodes embryonnaires et fcetales du mamrnifere, les facteurs genetiques auraient un role a jouer, certes jusqu'au point de la determination du sexe. Nous avancons que les substances morphogeniques fcetales produites par les testicules en voie de developpement sont responsables de la differenciation vers Ie sexe male. La differenciation en direction du sexe femelle peut dependre de l'absence de gonades males plutot que de toute action positive de la part de l'ovaire en voie de developpement.
Nous croyons que c'est uniquement au cours des periodes embryonnaires ou fcetales que les hormones gonadales "organisent" les modeles de comportement sexuel manifeste au cours de l'age adulte, Elles le font en agissant sur les tissus mediats de ce comportement et apres avoir atteint l'age adulte, les hormones gonadales sont actives mais ne possedent pas une action organisatrice permanente quelconque.
Tout cela concorde avec la bisexualite du soma que l'on sait depuis longtemps caracteriser les animaux, des vertebres les plus inferieurs [usqu'a l'homme. Notre plus grand interet trouve sa source dans l'avance fait par les Oro John et Joan Hampson sur la neutralite sexuelle de l'enfant hurnaina sa naissance. Nos etudes semblent indiquer que les mammiferes inferieurs ne sont pas sexuellement neutres a la naissance. Esr-ce alors possible que, dans l'evolution des tissus mediats du comportement sexuel chez l'adulte, il y ait eu perte de tout vestige de dimorphisme sexuel present a la naissance chez au moins les mammiferes inferieurss Bien entendu, ce n'est pas tout Ie comportement attribue au male ou a la femelle qui puisse se reproduire, II nous faut considerer la possibilite que l'aspect male ou femelle du comportement d'un animal au dela de ce qui est subordonne a la reproduction se developpe en reponse a des substances hormonales qui ont leur origine dans l'embryon ou dans Ie fcetus.
